In radiofrequency (RF) coil design for ultra-high-ˆeld magnetic resonance (MR) imaging, short RF wavelengths present various challenges to creating a big volume coil. When imaging a human body using an ultra-high magneticˆeld MR imaging system (magnetic ‰ux density of 7 Tesla or more), short wavelength may induce artifacts from dielectric eŠect and other factors. To overcome these problems, we developed a patch antenna array coil (PAAC), which is a coil conˆgured as a combination of patch antennas. We prototyped this type of coil for 7T proton MR imaging, imaged a monkey brain, and conˆrmed the coil's utility as an RF coil for ultra-high-ˆeld MR imaging.
Introduction
Magnetic resonance (MR) imaging is used for many purposes as a high-performance, noninvasive system of measurement. In recent years, the increased magnetic ‰ux of MR systems has enabled greater resolution and imaging speed. However, for high-magnetic-ˆeld MR imaging systems, the increase in Larmor frequency and shortening of wavelength have given rise to many problems from the radiofrequency (RF) coil used for generating B1 magneticˆelds and detecting MR signals. 1 A conventional volume RF coil, such as birdcage and saddle-type coils, is formed as a single LC resonator in its entirety, which largely restricts the coil's dimension and thereby adjustment of its resonance frequency to the Larmor frequency. Thus, such RF coils cannot be tuned to higher frequencies without reducing their dimensions, and use of an ultra-high magneticˆeld MR imaging system may require division of theˆeld of view (FOV) to be imaged and consequent increased scan time. 2, 3 To overcome this limitation of conventional RF coils, we developed a patch antenna array coil (PAAC) that comprises an array of patch antennas, each of which is a half-wavelength dipole antenna coupled with a ground plane. The PAAC operates as an RF coil by combining the multiple elements resonating each. Because each element is a resonator, the limitation of coil size based on the shortness of wavelength can be mitigated. PAAC elements are quite diŠerent from those of the birdcage coil, which is also a volume coil.
Impedance varies depending on position of the feeding point. At the end of the antenna element, impedance is maximized; nearer the center of the element, impedance is less.
We prototyped this type of coil for 7T proton MR imaging, imaged a monkey brain, and conrmed PAAC's utility as an RF coil for the MR system.
Materials and Methods
The resonance frequency of the patch antenna is determined by the length of the element ( Fig. 1 ) and its distance to the ground plane. In this case, element length is proportional to the wavelength of resonance frequency. In the prototyped PAAC, the end of the element is connected to a ground plane by a capacitor. Changing the capacity of this capacitor is electrically equivalent to changing the length of the element and so can be used to adjust the resonance frequency of the PAAC.
The impedance of the PAAC can be adjusted by the location of the feeding point, independently from the resonance frequency. However, it should be noted that the resonance frequency and the im- 3 . Photograph of the patch antenna array coil (PAAC) prototype. The PAAC is conˆgured from 8 elements in a cylindrical shape. Elements and ground planes, both made of copper, areˆxed to the case, which is an acrylic cylinder. pedance are changed by setting an object inside. Moreover, because the PAAC has the characteristic that each element resonates, it can be congured as a volume coil by various arrangements in addition to that shown in Fig. 2 with 8 elements. In addition, although the length of each PAAC element is limited based on the wavelength, as mentioned, a volume coil with a large inner capacity may be devised using a diŠerent conˆguration, for example, arranging multiple elements in an axial direction.
Because excitation pulses can be transmitted by each element as a result of this characteristic, adjusting excitation power to each element may control equalization of the B1 magneticˆeld.
Results
We designed and developed a PAAC for 7T proton MR imaging to contain a sphere with a diameter of 150 mm in the imaging area (Fig. 3) .
The details of each PAAC element are shown in Table 1 . The sizes of this volume coil conˆgured with 8 elements are shown in Table 2 .
We created 2 feeding points, each designed with an angle of 90 degrees. These are connected with the system via a hybrid circuit. Figure 4 shows the measurement results of the electric characteristic (impedance) of PAAC shown Fig. 4 . Measured impedance of the prototype patch antenna array coil (PAAC). This is a screen shot of a network analyzer (Agilent 4396B) with which impedance of the prototype PAAC under no-loading condition was measured. The center frequency was adjusted to 300 MHz, and the span was set to 50 MHz. Table 3 .
With the feeding point positioned 50 mm from the end of the element, the measured impedance was over 50V, but generally, the impedance would be lower in loaded condition. Although the value was measured in an unloaded condition, the Qvalue exceeded 450. These measurements show that PAAC maintained the functions of an antenna using this conˆguration.
